An improved method for connecting flexible printed circuits and indium tin oxide (ITO) electrodes is proposed in this paper. The adhesives used were composed of a thermosetting resin and a thermoplastic resin. The test sample consisted of a polyimide base flexible printed circuit, (FPC). Non-conductive film (NCF) was pre-laminated on an ITO-glass and the test sample was then thermally bonded to the glass. The contact resistance between the ITO-glass and FPC was measured by a 4-probe method. A Cu wiring on the FPC was chemically etched, followed by selective electroless Ni-P deposition using hydrazine and sodium hypophosphite as reducing agents; Au film was then plated onto it. Since this method does not create extraneous deposition, it is one of the most promising candidates for future fine connection manufactur- 
Introduction
As electronic devices become multi-functionalized and downsized, more electronic parts have to be packed into a connecting method is needed in order to achieve finer patterning and lower cost. Non-conductive film (NCF) which does not contain any conductive particles has been proposed and put into practical use.
This paper reports on new plating methods to connect
FPCs and Indium Tin Oxide (ITO) electrodes on the display using NCF. [1, 2] The new method developed in this study is a combination of chemical etching and Pd-free electroless plating. Ultra-fine pitch connectings can be realized using this method, because it is a intrinsically free of the extraneous depositions that limit the pitch for the application of electroless plating.
Experimental
In this study, we investigated two different methods, a dendric plating method and an etching method. plating were performed. Table 1 describes the composition of the electroless Ni-P bath, which contained two different types of reducing agent. [5] The NCF films used were developed by Sumitomo 3M Limited Co.. [6, 7] Figure 3 shows SEM images of the samples after dendric plating. Clear dendric morphology and extraneous deposits can be observed. The dendric plating occurred on the polyimide film surface. These extraneous depositions caused a short circuit. Therefore, this dendric plating method was not suitable for the purpose of this study. Figure 4 shows the surface roughness of the FPC, copper wiring before and after chemical etching, measured by a laser microscope. As can be seen in Fig. 4 , the maximum surface roughness Rz value was obtained after etching.
Results and Discussion
After Pd-free plating, the Rz value decreased, but the Rz value after etching and plating was higher than that after dendric plating. Therefore, the combination of chemical etching and Pd-free plating maintained a rougher surface. Before the test, the contact resistance value without Au 3 plating is about two times higher than that from Au plating.
After the test, the value without Au plating is over 40 times higher than that with Au plating. Therefore Au plating is clearly necessary for this NCF connecting method. In this study, since we used a displacement type Au plating, the plating occurred only on the Ni-P plating film. Moreover, this non-Pd plating method, using hydrazine as a reducing agent, did not allow electroless Ni plating on the PI film area, and was allowed only on the copper wiring. Therefore, both Ni-P and Au films were plated on just the same pattern as the copper wiring. 
Conclusion
New formation methods for the wiring of FPCs have been investigated to increase reliability. The following conclusions were obtained.
(1) The dendric plating method increased roughness, but the Pd catalyst produced extraneous deposits on polyimide film. 
